The main nutrients in rice are starch, protein and lipids, and their contents and physicochemical properties have important effects on rice qualities. The aging process of rice is very complex, which not only changes physical and chemical properties, but also changes its physiological characteristics in rice grain. In this paper, the changes of physicochemical properties of its main nutrients (starch, protein and lipids) during storage were reviewed. At the same time, the effects of rice aging on its quality characters and the mechanism of rice aging were also discussed, which could provide reference for solving the problem of rice quality decline during storage.
Introduction
Rice (Oryza sativa L.) is one of the most important food crops in the world. It is the staple food for more than 3 billion people in more than 100 countries and regions around the world, and rice provides more than 25% of the energy for more than half of the world's population (Peng et al., 2016a; Kusano et al., 2015) . In China, more than two-thirds of the people live on rice (Peng et al., 2014a) . Over the past decade, the total yield of rice had maintained a high level. A small amount of rice was used as raw materials for food processing and animal feed, most of which were directly grinded and processed for rice consumption. Therefore, rice needs to be stored for a period of time before consumption. During rice storage, the main nutrients (including starch, protein and lipids) of rice will undergo a series of changes in physical, chemical and physiological properties, which is aging . Rice aging is a spontaneous process. With the prolongation of storage time, the color, gelatinization characteristics, flavor and composition of rice had changed (Sodhi et al., 2003) . As a result, the nutritional quality, cooking and eating quality of rice will be changed, which will seriously affect the commercial value of rice in China. People in different countries have different choices of rice: consumers in China and Japan prefer to fresh rice, but Indians prefer to aged rice after storage (Gao et al., 2008) . However, the mechanism of rice aging is still unclear. Therefore, it is of great theoretical significance and potential application prospects to discuss rice aging in depth. and eating quality of rice had changed significantly. Therefore, this paper summarized the changes of physicochemical properties of main nutrients during rice storage, and discussed the effects of rice aging on its quality characters, as well as the mechanism of rice aging, which will provide important reference for solving the problem of rice quality decline during storage.
Effects of Rice Aging on Physicochemical Properties of Starch
The main nutrients in rice are starch (including amylose and amylopectin), storage proteins and lipids, of which starch accounts for about 90% of its dry weight (Peng et al., 2014a; Peng et al., 2018) . The properties and contents of starch play an important role in rice quality traits. According to the content of amylose in rice grains, rice was divided into glutinous (0-2%) rice, low amylose (3-9%) rice, low amylose (10-19%) rice, medium amylose (20-25%) rice and high amylose (more than 25%) rice. After rice aging, the grain quality of rice would deteriorate obviously, which was mainly manifested in the decrease of stickiness, bad taste, lack of luster, loss of flavor and so on (Ahmed et al., 2016) . During storage, a series of changes of starch in rice grains were the result of complex effects of many factors, which were related to rice varieties, maturity, water content, storage temperature and time . During storage, the amylose content and structure of rice changed, which directly affected the sensory and cooking quality in rice.
It was generally believed that amylose content could affect grain quality in rice, especially cooking and eating quality traits, and the amylose content in rice grain was directly related to water absorption, swelling characteristics and cooking quality, as well as the cohesiveness, softness and luster of rice (Takahashi et al., 2017; Romero et al., 2018) . The most obvious changes of rice grain during storage was the change of cooking and eating qualities, which were initially considered to be related to the changes of amylose contents . However, with the further study, it was found that the edible quality of different rice varieties containing similar amylose contents were different. Simulated storage test and amylose content determination of starch in some rice varieties with different aging degrees also confirmed that the total amylose contents of rice grains remained unchanged during storage (Casas et al., 2018; Abeysundara et al., 2015) . Therefore, there are some limitations in evaluating the changes of rice grain during storage only from amylose content, and further analysis of starch structure is also needed.
The structure of starch has a great influence on the gelatinization temperature and aging properties of starch, and the fat contained in the spiral structure of starch also has a great influence on the gelatinization of starch. Studies have shown that amylose is easier to aging than amylopectin in rice storage. The aging speed and crystallinity of amylose vary with its own chain length (Hayashi et al., 2018; Villanueva et al., 2018) . After the starch in rice was aged, it would precipitate very quickly. Even if it was heated again, the original structure would not be restored. This is because the molecules of amylose are not arranged in regular rows after rice aging, but are interlaced and densely packed together, thus forming a solid state which is insoluble in water but slightly soluble in alkali solution. At this time, the structure of starch was maintained by hydrogen bonds Villanueva et al., 2018) . Simultaneously, the starch debranching enzymes in rice itself could remove the branches on the surface of starch grains, thus making the starch grains become angular and blurred (Guleria et al., 2012) . In the study of the relationship between insoluble amylose and the quality traits of stored rice, it was found that the cooking quality of rice deteriorated significantly with the increase of insoluble amylose content (Oh et al., 2018) . The gelatinization temperature of rice starch increased with the prolongation of storage time, which showed that the gelatinization temperature of aged rice stored for 3.5 years was significantly higher than that of rice stored for 0.5 years. It was found that the dispersibility of aged rice starch in hot water was worse than that of new rice starch, excluding the effects of lipids and proteins (Zhang et al., 2017) . This indicated that rice aging results in the strengthening of the structure of starch microcrystalline bundles, i.e. when water molecules infiltrate into the crystalline and amorphous regions of starch during heating, the expansion force was not enough to cause the structural breakdown and phase transfer of starch molecules with enhanced structure, resulting in the decrease of the degree of hot water dissolution during determination. Thus, this deterioration character was harmful to the cooking, eating and processing quality of rice grains.
Aging can decrease the proportion of amylopectin in total starch. Although the activity of amylase and amylase in rice decreased during storage, the content of longest chain component in amylopectin decreased due to the effects of debranching enzyme. Some of the branched chains were unbranched, and some of them might still retain a small number of branched points, which became smaller than the original ones. Some may become amylose fragments, some of which may also be colorless dextrin, thus reducing the content of total amylopectin. This was one of the reasons for the decrease of rice viscosity (Wei et al., 2012; Sasaki et al., 2018) . In addition, the enhanced interaction between protein and starch also prevented starch from absorbing water, gelatinizing and polysaccharide free precipitation (Baxter et al., 2014) . It may also be a factor leading to the decrease of viscosity and the increase of hardness of aged rice after cooking. The amylose and amylopectin contents of fresh rice stored at room temperature for 13 weeks did not changed significantly (Abeysundara et al., 2015) . Starch content was considered to be an important index for predicting the edible and processing characteristics of rice grains. In particular, amylose was positively correlated with water absorption, volume expansion, fluffy degree and dispersity of rice grains, but negatively correlated with its viscosity, softness and color.
Effects of Rice Aging on Physicochemical Properties of Storage Protein
According to the function of protein in rice, it could be divided into storage protein, structural protein and protective protein (Shewry et al., 2002) . Usually there are many kinds of structural proteins in rice, but the content of each structural protein is very small. Compared with other kinds of proteins, the storage protein content is higher, which is usually referred to as grain protein in rice, mainly referring to storage protein. The protein content in rice embryo was the highest, ranging from 16.8% to 24.1%. The variation ranges of protein content in brown rice and milled rice were 5.1%~15.4% and 4.5%~14.3%, respectively (Chen et al., 2018; Juliao, 1972) . According to the solubility of stored protein in rice grain and different methods of isolation and extraction, the grain stored proteins can be divided into four categories in rice: albumin, globulin, prolamin and glutenin (He et al., 2013) . The storage proteins in rice endosperm were mainly glutenin and prolamin, of which glutenin was the most digestible protein, accounting for about 80% of the stored protein content in endosperm (Wang et al., 2009) , The content of prolamin was about 10% (Kawakatsu et al., 2010b; He et al., 2013) . The contents of albumin and globulin accounted for about 5% and 10% of the total protein content of rice, respectively (Shewry et al., 2002; Peng et al., 2014a) . Overall, the protein content in rice ranges from 4.3% to 19.3% (Wroblewitz et al., 2014; Lu et al., 2009; Ye et al., 2010) , providing about 15% of the world's population with protein sources (He et al., 2013) . Therefore, the stored protein in rice grains play an important role in its nutritional quality.
The results showed that the protein content of rice grain hardly changed during aging (Sowbhagya et al., 2001) . Interestingly, protein content in rice was inversely proportional to its viscosity, and free amino acids in water increased with storage time (Tomic et al., 2015; Dhaliwal et al., 1991) . It was also found that the lower molecular weight polypeptide decreased with the increase of storage time, while the higher molecular weight polypeptide increased (Park et al., 2012; Chrastil, 1990) . More importantly, the content of acetic acid soluble protein in milled rice decreased during 7 years of storage (Bolling et al., 1977; Bolling et al., 1978; Mangrauthia et al., 2017) . During the aging process, the protein content of rice grain changed slightly, but the soluble nitrogen decreased continuously. This is because the sulfhydryl groups of starch periphery proteins in rice oxidize into disulfide bonds under the combined action of light and heat in the air. Because of the formation of disulfide bond and the oxidation of lipids, the distance between peroxide and starch periphery proteins protected only by monolayer water film is shortened, which leads to the approximation and binding of proteins in rice, and then increases the crosslinking degree of disulfide bond of proteins, resulting in the decrease of solubility of proteins in rice. Protein forms a strong network around starch, which limited the expansion and softness of starch. Therefore, after cooking, the hardness of aged rice increased and its viscosity decreased (Jungtheerapanich et al., 2017; Dutta et al., 2012) . Studies have shown that the total protein content of rice grain was basically unchanged during aging, but its extraction rate had decreased. It may be the binding of protein and starch increased (Yu et al., 2009; Sasaki, 2018) . Whether albumin, globulin or glutenin, the content of high molecular weight subunits increased and that of low molecular weight subunits decreased after rice aging. Interaction between starch and protein of non-starch grains increased during rice aging, and the increased of this interaction may be one of the important reasons for the decreased of rice viscosity after aging (Jungtheerapanich et al., 2017) . During rice storage, the extraction rate of protein showed a downward trend, which indicated that there was some interaction between starch and protein during rice storage. The existing research methods are to extract the components of rice first, and then study the interaction between the components. This interaction may not really reflect the interaction between the components of rice as a complete grain.
During the aging process of rice, the activities of α-amylase and β-amylase decreased significantly, and the soluble protein content in rice also decreased. Alpha-amylase mainly concentrated in bran position of rice. Therefore, the content of α-amylase in milled rice was very low, so the effects of α-amylase on starch grains was very small. However, the exception was waxy milled rice, which contained more α-amylase in endosperm, so it showed lower starch viscosity. The activities of protease, lipase and lipid oxidase increased during rice storage (Zhang et al., 2014) . During rice storage, peroxidase and catalase decreased rapidly, because they were easy to be detected. Therefore, during rice storage in Japan, peroxidase and catalase are used as important indicators to evaluate rice quality deterioration.
Effects of Rice Aging on Physicochemical Properties of Lipids
Lipids are very important nutrients in rice grains, including fat and phospholipids, which distribute in the aleurone layer outside the embryo and endosperm of rice seeds and form a complex between lipid and amylose (Xu et al., 2015; Goufo et al., 2014) . Although lipids account for about 1% of the total weight of rice, lipids were easily decomposed during rice aging, and free fatty acids were easily degraded by auto-oxidation or enzymatic oxidation (Narayana et al., 2010; Piggott et al., 1991) . Therefore, there were many studies on the changes of lipids during rice aging in the early stage. These studies indicated that the rancidity of lipids was an important reason for the odor of aged rice. During the storage of rice, the lipids in rice are affected by air and high temperature, which can easily accelerate the deterioration rate of rice. Therefore, the change of lipids in rice is considered to be the main factor leading to the aging of rice grain.
There are two main ways to change lipids in rice grain: (1) Oxidation. Fatty acids in rice lipids are mostly unsaturated fatty acids, which can oxidize in air to produce carboxylic compounds, such as aldehydes and ketones.
(2) Hydrolysis, in which lipase hydrolyzes the oil in rice to produce glycerol and fatty acids. Hydrolase played a decisive role in lipid oxidation and hydrolysis (Setimela et al., 2017; Zabed et al., 2017; Annor et al., 2016) . During the aging process of rice, the decomposition rate of lipids was faster at high temperature than that of low temperature, and the decomposition rate of lipids was faster under high humidity than that of low humidity. Taking brown rice as an example, the content of lipids remained unchanged for 12 months at 5 °C, but the content of lipids decreased significantly at 35 °C (Table 1) , especially the content of fatty acids (Zhou et al., 2002; Shin et al., 1986) . Fatty acid value was one of the important indicators of quality change in rice storage. It is generally believed that the higher the fatty acid value, the worse the grain quality of rice (Fan et al., 2017) . Therefore, the increase of free fatty acid content in rice after storage is the main reason for the deterioration of taste quality. During the storage and aging of rice, the content of free fatty acids is increased by lipid hydrolysis. These free fatty acids and amylose form complex, and the complex molecules become spiral-like and dense crystallization, which limits the expansion of starch during cooking, makes rice hard and sticky, and affects the gelatinization of starch. Degreasing had little effect on cooking hardness and viscosity of rice after aging, but it had effects on the viscosity curve of rice flour paste, which decreased its viscosity value, refrigeration recovery value and maximum viscosity value (Tsai et al., 2012; Wiset et al., 2011) . The experimental results showed that there was no obvious aging phenomenon after cooking rice treated with n-hexane and stored at 4~25 °C without lipids (Shu et al., 2014; Coudert et al., 2015) . Free fatty acids produced by auto-oxidation of lipids in rice could wrap starch granules, thus increasing the strength of starch granules and making it difficult to gelatinize and absorb water, even after water absorption, it was not easy to crack Choi et al., 2005) . Therefore, rice aging will seriously affect the cooking and eating qualities of rice grain, making rice harder and less sticky.
Oleic acid and linoleic acid are the most important fatty acids in various lipid components. During rice aging, the absolute contents of free fatty acid, oleic acid and linoleic acid increased during storage, while triacylglycerol esters degraded during storage. Therefore, the peroxide value, free fatty acids and carbonyl groups of rice increased during storage (Figure 1) Nishiba et al., 2000; Sowbhagya et al., 1976) . Overall, the change of outermost layer of aged rice is more obvious, because this area is where non-starch components are relatively concentrated. Waxy rice tends to contain higher free fatty acids than non-waxy rice because it contains large amounts of non-starch lipids in endosperm. Starch lipids are not easily oxidized in storage as unsaturated jas.ccsenet. fatty acids Therefore, Figure 1 .
Effects
During the changes of of chemica the decline ( In the process of rice storage, the increase or decrease of fatty acid content is often used as a sensitive index to determine the storage situation and the change of storage grain quality in rice. After aging, the generation of odor and the increase of acidity of rice are related to the changes of lipids. Therefore, the removal of non-starch lipids from brown rice can improve the storage stability of brown rice. If the degradation of lipids in rice grain was strictly controlled, the quality changes during storage and aging could be controlled. At the same time, the grain quality of rice could be ensured if the moisture content of rice grain was reduced below the safe moisture content and stored at low temperature.
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Conclusion
The aging process of rice grain is very complex, which not only changes its physical and chemical properties, but also changes its physiological characteristics. The main nutrients in rice grain are starch, protein and lipids, and their contents and physicochemical properties change with the aging process of rice, which has an important impact on many grain quality characters in rice. In the process of rice storage, if the degradation of lipids in rice grains can be strictly controlled, reduced moisture content in rice to below safe moisture content, and the rice grains stored at low temperature room, all of these measures are of great significance for ensuring the grain quality of rice.
